Synthesis rate of plasma albumin is a good indicator of liver albumin synthesis in sepsis. Am J Physiol Endocrinol Metab 279: E244-E251, 2000.-Plasma albumin is well known to decrease in response to inflammation. The rate of albumin synthesis from both liver and plasma was measured in vivo by use of a large dose of L-[ 2 H 3 -14 C]valine in rats injected intravenously with live Escherichia coli and in pair-fed control rats during the acute-phase period (2 days postinfection). The plasma albumin concentration was reduced by 50% in infected rats compared with pair-fed animals. Infection induced a fall in both liver albumin mRNA levels and albumin synthesis relative to total liver protein synthesis. However, absolute liver albumin synthesis rate (ASR) was not affected by infection. In plasma, albumin fractional synthesis rate was increased by 50% in infected animals compared with pair-fed animals. The albumin ASR estimated in the plasma was similar in the two groups. These results suggest that hypoalbuminemia is not due to reduced albumin synthesis during sepsis. Moreover, liver and plasma albumin ASR were similar. Therefore, albumin synthesis measured in the plasma is a good indicator of liver albumin synthesis. hypoalbuminemia; albumin expression; infection STRESS (TRAUMA, INFECTION, OR RADIATION) has always been associated with hypoalbuminemia in either animals (33, 40) or humans (9, 30). A reduction of plasma albumin concentration can be the consequence of various factors, including a change in its rate of synthesis, an increased catabolic rate, and/or a redistribution of albumin from plasma to interstitial compartment. Nevertheless, decreased albumin synthesis has been considered as a primary process causing hypoalbuminemia during injury. On the basis of animal studies, many authors have concluded from a rapid loss of liver albumin mRNA levels that a reduced albumin synthesis occurs in response to various stresses, such as burn (36) (31) described an unchanged albumin synthesis in perfused liver 16 h after celiac puncture in rats, but the same investigators also found that albumin synthesis was increased on day 4 in the same model (41). Injection of endotoxin in rabbits stimulated by 15% the synthesis rate of albumin measured in the plasma (15).
STRESS (TRAUMA, INFECTION, OR
has always been associated with hypoalbuminemia in either animals (33, 40) or humans (9, 30) . A reduction of plasma albumin concentration can be the consequence of various factors, including a change in its rate of synthesis, an increased catabolic rate, and/or a redistribution of albumin from plasma to interstitial compartment. Nevertheless, decreased albumin synthesis has been considered as a primary process causing hypoalbuminemia during injury. On the basis of animal studies, many authors have concluded from a rapid loss of liver albumin mRNA levels that a reduced albumin synthesis occurs in response to various stresses, such as burn (36) , turpentine, and lipopolysaccharide (LPS) injections (22) or interleukin (IL)-6 or tumor necrosis factor-␣ administration (20, 37) . Otherwise, very few studies have investigated in vivo net albumin biosynthesis under severe injury in animal models, and the few available results are controversial. Estimated from [ 14 C]leucine incorporation, Schreiber et al. (33) found a decrease in plasma albumin synthesis rate 24 h after turpentine injection in rats. Ballmer et al. (2) also reported a similar decreased synthesis in IL-1␤-injected rats. By contrast, Sax et al. (31) described an unchanged albumin synthesis in perfused liver 16 h after celiac puncture in rats, but the same investigators also found that albumin synthesis was increased on day 4 in the same model (41) . Injection of endotoxin in rabbits stimulated by 15% the synthesis rate of albumin measured in the plasma (15) .
However, anorexia and reduced caloric intake are prominent symptoms during acute infection (4) , and of all factors regulating albumin synthesis, the nutritional state appears to be the most important (27) . Most studies reporting a decreased albumin synthesis in response to injury compared the treated animals with well-fed animals (2, 33) . Therefore, the decreased synthesis observed may result from the decreased food intake rather than from the inflammatory stress.
By contrast, results in humans show increasing evidence that albumin synthesis did not decrease during stress. Mansoor et al. (19) reported an increase of albumin synthesis rate in head trauma patients despite a decrease in albumin plasma concentration. In a more recent study, Fearon et al. (9) reported a 34% increase of albumin synthesis rate in cancer patients with hypoalbuminemia. The measurement of synthesis of plasma proteins at their site of synthesis, i.e., liver, is rarely possible in humans. Therefore, methods used are often indirect, and measurements have principally been made in plasma. However, for albumin, the intravascular space represents only 40% of its total exchangeable pool, and the question remains whether an estimation of albumin synthesis in the intravascular space could be a good indicator of total liver synthesis of the protein.
The aim of this study was, first, to measure in the same animals liver albumin mRNA expression and synthesis and, second, to correlate total albumin synthesis in the liver with synthesis estimated in the intravascular pool. Moreover, to determine specifically the effect of infection, these experiments were performed by comparison to animals that were pair-fed to the intake of infected rats.
MATERIALS AND METHODS

Animals and Experimental Design
Male Sprague-Dawley rats (IFFA-Credo, l'Abresle, France) of ϳ250 g body weight (n ϭ 36) were maintained in individual cages at 22°C-controlled temperature on a 12:12-h light-dark cycle (lights on at 0700). They were fed on a semisynthetic diet containing 12% protein (5) . The diet was given in six meals per day via an automatic device. During the entire experiment, animals had free access to water.
After an acclimatization period of 6 days, rats were divided into four groups. Rats in groups 1 and 3 were infected with live Escherichia coli injected into a lateral tail vein (INF rats), as described previously (6) . The other groups, groups 2 and 4, were injected with the same volume of saline. Because infection induced a strong anorexia, the last two groups were pair-fed (PF rats) to the intake of infected animals. All animals were studied during the acute septic phase of the model, 2 days after infection. The ethics committee of our research institute approved the protocol, which was conducted in conformity with the National Research Council's Guide for the Care and Use of Laboratory Animals. Experiment 1. Rates of protein synthesis were measured in vivo with the flooding dose technique as described by Garlick et al. (11) in groups 1 (INF) and 2 (PF). Rats of the two groups (n ϭ 12 in each group) received a bolus injection of L-valine (150 mol/100 g body wt, 0.5 ml/100 g body wt) containing . In each group, one animal was killed under pentobarbital sodium anesthesia (6.0 mg/100 g body wt; Sanofi Santé Animale, Libourne, France) at 8, 11, 14, 17, 20, 23, 35, 38, 41, 44, 47 , and 50 min after tracer injection. Blood was collected from the abdominal aorta, and plasma was separated by centrifugation and kept at Ϫ20°C until analysis. The liver was rapidly removed, rinsed in cold 0.9% NaCl to remove blood, blotted, weighed, and frozen in liquid nitrogen. Total liver proteins and hepatic albumin syntheses were measured in rats killed between 8 and 23 min, i.e., before secretion of labeled albumin. Moreover, albumin synthesis was measured in plasma from rats killed between 35 and 50 min.
Experiment 2. The effect of infection on plasma volume was determined in groups 3 (INF) and 4 (PF). The day of the study, under general anesthesia (Imalgene, Rhône-Merieux, France), and for each rat of both groups (n ϭ 12), catheters were inserted into the carotid artery and the contralateral jugular vein. Hematocrits were determined on 100 l of venous blood samples (Minosvet, Roche, Paris, France). Evans blue dye (0.05 mg/100 g; Sigma) in 300 l of 0.9% NaCl was injected into the jugular vein. Blood samples (700 l) were taken from the carotid artery every 3 min from 3 min up to 15 min after injection. After separation by centrifugation, plasma was removed and its optical density was measured at 620 nm.
Total Liver and Plasma Protein Syntheses
Free and protein-bound valine specific radioactivities and enrichments were determined as described previously in detail by Breuillé et al. (5 RNA contents were measured in the TCA-insoluble material. An aliquot (0.25 g) was resuspended in 5 ml 0.3 M NaOH and incubated at 37°C for 1 h, and then 2 ml of 0.2 M HClO 4 were added. Samples were centrifuged (10,000 g, 5 min, 4°C), and RNA was determined spectrophotometrically in the supernatant as described by Munro and Fleck (23) .
Measurement of specific radioactivity. Free and proteinbound valine concentrations were measured after separation by liquid chromatography (resin Benson BP-AN6, Benson, Reno, NE) with an automatic amino acid analyzer. The corresponding radioactivity was measured by solid scintillation in a flow detector (Flo One; Radiomatic Instrument and Chemicals, Tampa, FL) placed immediately after the column.
Measurement of enrichments. The measurement of free or protein-bound valine enrichments was done as their t-butyldimethylsilyl (TBDMS) derivatives under electron impact ionization by gas chromatography (GC-MS), with an HP-5890 gas chromatograph coupled with an HP-5972 organic mass spectrometer quadrupole (Hewlett-Packard, Paris, France). Enrichments were expressed in mole % excess.
Purification of Hepatic Albumin and Measurements of Synthesis Rates
Measurement of albumin absolute synthesis rate with the radioactive tracer. The rate of albumin synthesis in liver relative to total hepatic protein synthesis was evaluated by immunoprecipitation, as described previously (25) , in the same rats as those used to measure liver protein synthesis. Liver (0.5 g) was homogenized in 3 volumes of 0.35 M sucrose-50 mM Tris acetate buffer, pH 7.4 (Sigma). Protein content was determined on liver homogenates by the bicinchoninic acid procedure (BCA; Pierce Chemical, Rockford, IL) (38) .
To determine the radioactivity in total liver proteins, 100 l of homogenate were treated with 5 ml 10% cold TCA and centrifuged (10,000 g, 20 min, 4°C). The pellet was dissolved in 0.5 ml of H 2 O and 0.5 ml of 0.6 M NaOH and was incubated at 37°C. After 1 h, 5 ml of 10% cold TCA were added, and the mixture was centrifuged (9,000 g, 15 min, 4°C). The pellet was washed with 5 ml of 5% cold TCA. The final pellet was dissolved into 2 ml of 0.3 M NaOH one night at room temperature, and radioactivity was determined with a Packard 460 CD liquid scintillant spectrometer.
The rest of the initial homogenate was centrifuged (13,000 g, 10 min, 4°C), the supernatant was kept, and the pellet was washed with 1 ml of PBS, pH 7.2. The two supernatants were pooled. One hundred microliters of anti-rat albumin antibody (produced from a goat in our laboratory) were incubated with 50 l of protein G-Sepharose (Sigma) for 1 h at room temperature and for 3 h at 4°C. Then, 300 l of pooled supernatants of infected rats or 200 l of the supernatants of pair-fed rats were added. The amount of supernatant used was determined in preliminary experiments to get maximal precipitation of radioactivity. Mixtures were then incubated for 1 h at room temperature under slow agitation and centrifuged (5,500 g, 5 min, 4°C). The pellet was washed twice with 400 l of buffer [140 mM NaCl, 5 mM EDTA, 1% Triton N-100 (wt/vol) and 50 mM Tris, pH 7.5] and then with 400 l of buffer (140 mM NaCl, 5 mM EDTA, and 50 mM Tris, pH 7.5) and taken up in 1 ml of 0.3 M NaOH for one night at room temperature; 2 ϫ 500 l of these solutions were counted.
Albumin in the initial homogenate was measured by single radial diffusion (18) by use of antibodies raised in our laboratory.
Measurement of albumin fractional synthesis rate with the stable tracer. The fractional synthesis rate of liver albumin (FSR) was calculated from measurement of liver albumin enrichment after separation of antigen from antibody. At the end of immunoprecipitation performed as we have described, 1 ml of 0.01 N acetic acid was added to the final pellet. The preparation was allowed to stand for one night at room temperature. The precipitate had completely dissolved by this time. Five volumes of pure ethanol were added, and the solution was adjusted to pH 2 with 30 l of 36% HCl. The mixture was then incubated for 5 h at room temperature and centrifuged (9,000 g, 10 min, 4°C). Purified albumin was in the supernatant. It exhibited a single band on 10% SDS-PAGE (not shown). After evaporation under vacuum, the residue was dissolved into 3 ml of 6 N HCl and hydrolyzed for 48 h at 115°C. HCl was removed by evaporation, and the residue was resuspended in 0.01 M HCl. The enrichment of albumin-bound valine was measured as its TBDMS derivative by GC-MS.
Plasma Albumin and Acute-Phase Protein Syntheses
Albumin from 0.5 ml of plasma from rats killed between 35 and 50 min was purified by affinity chromatography on a 4-ml column of blue Sepharose CL 6B (Pharmacia, Uppsala, Sweden). Nonadhering proteins, essentially total acutephase proteins (APP), were removed by washing the columns with 0.1 M KCl-0.05 M Tris ⅐ HCl, pH 7.4, until absorbance returned to baseline. These proteins were precipitated by adding 2 ml 100% TCA and were hydrolyzed in 6 M HCl for 48 h at 115°C. The fixed albumin was then eluted with 1.5 M KCl-0.05 M Tris ⅐ HCl, pH 7.4, and precipitated by addition of 2 ml of 100% TCA. Albumin was then washed three times with 10% TCA and extracted with ethanol. After centrifugation (7,000 g, 10 min, 4°C), HCl was added to get a final concentration of 6 M. The protein was hydrolyzed for 48 h at 115°C. HCl was removed by evaporation, and residues were resuspended either in 0.2 M lithium citrate buffer, pH 2.2, for specific radioactivity measurements or in 0.01 N HCl for enrichment measurements as described above.
Plasma Protein Concentrations
Total plasma proteins were determined using biuret protein assay reagent on a Cobas Mira analyzer (Roche Diagnostic Systems, Neuilly sur Seine, France). Plasma APP were measured by single radial diffusion using anti-rat fibrinogen and albumin antibodies (ICN, Cappel, Turnhout, Belgium) and anti-rat ␣ 2 -macroglobulin (A2MG) and ␣ 1 -glycoprotein acid (A1GPA) antibodies raised in rabbits in our laboratory.
Albumin mRNA Quantification
Total RNA was extracted from 0.2 g of liver by the method of Chomczynski and Sacchi (7) . Twenty micrograms of RNA were separated by electrophoresis in formaldehyde agarose gels (1%) and transferred electrophoretically to nylon membranes (Gene Screen, NEN Research Products, Boston, MA). RNA was covalently bound to the membrane by ultraviolet cross-linking. Membranes were hybridized with cDNA probe albumin. Hybridizations were conducted overnight at 65°C with [ 32 P]cDNA fragments labeled by random priming. After a washing at the same temperature, filters were autoradiographied at Ϫ80°C with intensifying screens on hyperfilm MP (Amersham, Buckinghamshire, UK). After stripping of the probe, the filters were reprobed with a mouse 18S ribosomal probe (no. 63 178; American Type Culture Collection, Rockville, MD). Autoradiographic signals were quantified by digital image processing and analysis (NIH Image 1.54) and normalized using the corresponding 18S rRNA signals to correct for uneven loading.
Calculations
Protein FSR (in %/day) was calculated from the formula FSR ϭ S b ϫ 100/SЈ a ϫ t where S b is the specific radioactivity or enrichment (minus basal enrichment of protein) of protein-bound valine, t is the time animals were killed, and SЈ a is the mean specific radioactivity or enrichment of tissue free valine between time 0 and time t. Individual values of SЈ a were calculated by multiplying the actual value of S a (t [1/2] ) obtained at time t [1/2] by the ratio of SЈ a (t) to S a (t) obtained from the linear regression of S a against time determined from all rats (5). The absolute synthesis rate (ASR) was calculated from the product of FSR and the protein content of tissue and was expressed in milligrams per day.
For albumin FSR measured in the plasma, S b is the specific radioactivity or the enrichment of plasma albumin, SЈ a is the area under the curve of precursor specific radioactivity or enrichment (in the liver) between time points adjusted for the secretion time, and the secretion time was assessed by plotting the individual regression line for the linear part of the albumin enrichment curve and extrapolating to the baseline enrichment (3). ASR of intravascular albumin was then calculated as the product of FSR times plasma albumin concentration (mg/ml) times plasma volume (ml). FSR of plasma albumin was also calculated using specific radioactivity of liver free valine and albumin-bound valine.
Hepatic albumin synthesis was calculated as the fraction (%) of liver total protein synthesis, i.e., the fraction of the counts in liver total proteins that was precipitated by antialbumin antibody. The albumin ASR was then calculated by multiplying the albumin synthesis as the fraction of liver total protein synthesis by the absolute rate of liver total protein synthesis. Hepatic albumin FSR can be also deduced from its ASR and its liver content.
Initial plasma volume (IPV) was obtained from the dilution of the dye and the dose of Evans blue initially injected from the formula IPV ϭ Q/C 0 , where Q is the amount of Evans blue injected (mg) and C 0 is the initial concentration of Evans blue in mg/ml (obtained by linear extrapolation to the y-axis). From the IPV and albumin plasma concentration, the mass of circulating albumin was determined. 
Statistical Analysis
Values are given as means Ϯ SE. The significance of differences was analyzed by Student's t-test. Differences were considered significant when P Ͻ 0.05.
RESULTS
Infection induced a strong anorexia; infected rats ate only 5-10% of the amount of food consumed before injection of live bacteria (ϳ20 g/day, Fig. 1 ). This low food intake resulted in body weight loss in pair-fed animals. However, on day 2 postinfection, infected rats lost more weight than pair-fed control rats, 35.5 Ϯ 2.9 and 27.6 Ϯ 0.7 g, respectively (Fig. 1) .
A2MG, A1GPA, and fibrinogen plasma concentrations were significantly greater in septic animals than in pair-fed animals (70, 40, and 2.3 times, respectively; Table 1 ). Infected rats showed a severe hypoalbuminemia, because albumin levels were reduced by 34% in these animals compared with pair-fed rats ( Table 2) . Plasma volumes were similar in both groups, but plasma albumin content was reduced to 61% by infection. The concentration of albumin in liver was decreased to 55% in the infected group compared with the pair-fed group. Because infection increased liver weight by 42%, the liver albumin pool was decreased by only 24% in infected compared with pair-fed rats ( Table 2) .
Liver Protein Kinetics
The FSR of liver proteins was 1.4 times higher in septic rats than in pair-fed animals. Applied to liver protein content and expressed as ASR, liver protein synthesis rate was multiplied by 2.5 in septic rats compared with pair-fed animals ( Table 3 ). The synthesis rate of plasma proteins minus albumin was measured in the plasma as an index of the synthesis of positive plasma APP. Parallel to an increase in particular APP plasma levels, sepsis stimulated both FSR and ASR values of plasma proteins minus albumin by 50 and 40%, respectively (Table 4) . Rats received an iv injection of either live Escherichia coli (Infected) or saline (Pair-fed). Acute-phase protein plasma levels were determined by single radial diffusion with anti-protein antibodies. Total proteins were determined using the biuret protein assay. Values are means Ϯ SE for 6 rats in each group. Statistical significance: * P Ͻ 0.05 vs. pair-fed rats. Liver total proteins were determined by the bicinchoninic acid procedure. Liver and plasma albumin levels were determined by the Mancini procedure. Plasma volumes were studied after injection of 0.05 mg/100 g of Evans blue dye into carotid artery. Jugular blood samples were collected at 3, 6, 9, 12, and 15 min after dye injection. Calculations were performed as described in METHODS. Values are means Ϯ SE for 6 rats in each group. Statistical significance: * P Ͻ 0.05 vs. pair-fed rats.
Albumin Turnover
Results on albumin synthesis measured in plasma and in liver are presented in Table 3 . In plasma, albumin FSR increased two days after infection because synthesis was 80% higher in infected rats than in pair-fed animals despite a decrease of plasma levels. By contrast, intravascular albumin ASR was not significantly different in the two groups. When similar data were obtained using a stable tracer, the albumin FSR increased Ͼ50% more in infected rats than in pair-fed animals (91.3 Ϯ 4.8 vs. 58.2 Ϯ 1.7%/day for INF and PF rats, respectively) and the albumin ASR did not differ between the two groups (146 Ϯ 7 vs. 140 Ϯ 5 mg/day for INF and PF rats, respectively). In liver, albumin synthesis as a fraction of total liver protein synthesis decreased by 50% in infected rats compared with pair-fed rats, but absolute albumin synthesis was similar in the two groups. By contrast, infection stimulated liver albumin FSR by 60% (measured directly from the stable tracer incorporation into albumin, Table 3 ). The FSR of liver albumin can also be calculated from radioactive labeling data by dividing ASR by the liver albumin pool. The values obtained were not significantly different from the values measured with the stable tracer (404 Ϯ 82 and 757 Ϯ 73%/day for PF and INF rats, respectively).
Albumin Gene Expression
Northern blot analysis showed that liver albumin mRNA levels (Fig. 2) were significantly reduced in septic animals compared with pair-fed rats. Total liver RNA content was increased by 54% in infected rats compared with pair-fed animals. However, infection resulted in a decrease of albumin mRNA per liver (Table 5) .
DISCUSSION
Injection of live bacteria in rats reproduced principal changes observed in sepsis, i.e., a reduction in food intake, a fall in body weight, and an increased liver protein synthesis. In the present study, liver total protein synthesis, both as FSR and ASR, was increased with infection (by 2 and 3 times, respectively). Nevertheless, according to the severity of infection, this augmentation is more pronounced with our sepsis model than in others, for example the catabolic model including LPS (13) or zymosan administration (29) . The response of liver to sepsis was also characterized by a 50% increase in RNA content, thus suggesting an increase in the capacity of protein synthesis. Liver synthesized both exported and nonexported proteins. Although the synthesis of constitutive proteins was C]valine. Results are given as means Ϯ SE for 5 or 6 rats in the 2 groups. TLPS, total liver protein synthesis; FSR, fractional synthesis rate; ASR, absolute synthesis rate. Statistical significance: * P Ͻ 0.05 vs. pair-fed rats; † P Ͻ 0.05 vs. respective plasma albumin FSR; ‡ calculated from stable tracer. C]valine and were studied 2 days after infection. Calculations of FSR were made on total plasma protein minus albumin as an index of acute-phase protein synthesis. ASR was then calculated as the product of FSR times plasma total protein concentration (g/l) times plasma volume (ml). Values are means Ϯ SE for n ϭ 6 for the 2 groups. Statistical significance: * P Ͻ 0.05 vs. pair-fed rats. stimulated in injury, there was a preferential stimulation of secreted proteins (39) . Therefore, infection is accompanied by modifications of plasma concentrations of a large group of proteins originated from liver and known as APP. We found an increased plasma level of A1GPA, A2MG, and fibrinogen, confirming a profound inflammatory state in our model. To evaluate the mean synthesis rate of these proteins, the synthesis of total plasma proteins minus albumin was measured in the plasma. Both FSR and ASR were increased in infected compared with pair-fed animals. Nevertheless, the increased APP ASR in response to infection is probably underestimated, because the fraction of plasma proteins without albumin also contained proteins that were reduced in concentration, such as transferrin or retinol binding protein.
However, albumin is the major protein secreted by the liver, because it represents ϳ50% of the productive effort at any moment (30) and its synthesis amounts to 11-18% of total liver protein synthesis in well-fed animals (27, 34) . Moreover, it is the principal negative APP, and a reduction in its plasma concentration is observed in various diseases. In the septic model used in this study, we found that albumin plasma levels fell by 34% in response to infection. Plasma albumin level is the net result of three active physiological processes occurring simultaneously. These include synthesis (entirely in the liver), distribution, and degradation. A dramatic fall in plasma concentration of albumin under stress could result from altered distribution between extra-and intravascular compartments, increased rate of degradation, or reduced rate of synthesis. The last hypothesis is the most widely accepted but not entirely demonstrated, and most studies compared treated animals with well-fed rats (2). In a situation in which animals ate less, such hypoalbuminemia may be as much a result of protein calorie undernutrition as of a negative acute-phase response.
Albumin level and synthesis are well known to be influenced by nutritional status (21) . The influence of a protein-deficient diet on albumin kinetics in vivo was investigated by Pain et al. (25) . In their study, albumin synthesis fell from normal values of 15% of the total liver protein synthesis to ϳ8%. Because infection induces an acute anorexia, the data obtained in this study were systematically compared with pair-fed control animals. In the control group receiving a limited amount of food, albumin synthesis, both as a proportion of total hepatic protein synthesis and as absolute synthesis, was in agreement with values previously reported in fasted rats that received no food for 18 h (27) . Moreover, in the present investigation, hepatic FSR of albumin was calculated directly from the incorporation of stable isotope into the protein. Liver albumin FSR can also be estimated from relative albumin synthesis applied to total liver protein synthesis, i.e., albumin ASR and liver albumin content. In the current study both values were in agreement. There are no data for comparison in the literature about intrahepatic albumin FSR. The high value obtained may be explained by the small amount of residual hepatic albumin. In fact, we found 2.46 mg of albumin per gram of liver in the pair-fed group; that represents ϳ1.4% of total protein in the liver homogenate. This result is similar to the value of 1.6% reported by Schreiber et al. (35) in livers of normal rats.
Our results allow the comparison in the same experiment of albumin synthesis rate between two sites of measurement. We would have expected to find a greater synthesis of albumin in the liver than the value estimated in the intravascular compartment. Surprisingly, values of intrahepatic albumin ASR were not significantly different from those obtained from the plasma pool. The similar ASR of albumin in the two compartments support the idea that equilibration between hepatic and circulating albumin is rapid. Thus all newly synthesized albumin can appear in the plasma, and no significant amount has left it in the short time of the experiment. The daily loss of albumin to the extravascular spaces (identified by the transcapillary escape rate; TER) represents ϳ5%/h in healthy humans (26) and 24%/h in rats (16) . This value would indicate that, within 30 min, Ͻ12% of plasma albumin exchanged with the interstitial compartment. This amount is perhaps too low to be detected significantly, given the uncertainties of the method used.
On the basis of numerous animal studies, it was usually admitted that a reduced synthesis is a predominant factor to explain the hypoalbuminemia observed in inflammation (1). Schreiber et al. (32) deduced a decrease in the synthesis of albumin from a decrease of liver mRNA levels in rats suffering from an acute inflammation induced by subcutaneous turpentine injection. Similar results were described in scalded rats (36) and after IL-1␤ injection (2) . In the present work, the analysis of liver albumin mRNA levels also showed a decrease during the experimental acute-phase period in septic rats. This reduction in albumin mRNA levels agreed well with the decreased relative albumin synthesis expressed as a fraction of total liver protein synthesis. It should be mentioned that mRNA levels represent the albumin mRNA content as a percentage of total mRNA. Therefore, decreased albumin mRNA levels can be obtained without any change in albumin Rats received an iv injection of either live E. coli (Infected) or saline (Pair-fed) and were studied 2 days after injections, during the acute septic period. Northern blots were prepared as described in METHODS. Albumin mRNA was corrected for 18S rRNA abundance. Albumin mRNA per liver was calculated by multiplication of albumin mRNA level with total liver RNA content. For convenience, values for relative albumin mRNA and albumin mRNA per liver of the pair-fed group were set at 1.0. Values are means Ϯ SE for n ϭ 10 for the 2 groups. Statistical significance: * P Ͻ 0.05 vs. pair-fed rats.
mRNA content if total mRNA increased. These findings are in line with those proposed by Ballmer et al. (2) despite a greater effect from use of ad libitum-fed control animals. By contrast, absolute albumin synthesis was not altered by the infection, whereas mRNA content of the protein was reduced. Nevertheless, it would be more exact to express steady-state level of albumin mRNA in comparison with total mRNA instead of total RNA. In this aspect, Lewandowski et al. (17) reported a correlation between the relative amount of albumin mRNA translational activity of poly(A)-containing RNA and albumin synthesis in the liver. The net result observed in this work is similar variations in both albumin mRNA and synthesis, which provided evidence that transcriptional mechanisms play a central role in the regulation of expression of albumin. Finally, a fall in albumin mRNA levels is a good representation of relative albumin synthesis (as a portion of total hepatic protein synthesis) but could not be interpreted as a decrease in net intrahepatic albumin synthesis.
Few studies have been performed in vivo on albumin synthesis in either plasma or liver after injury in animals. The present study shows that the FSR of albumin, measured in the plasma pool, increased in response to infection, and that both plasma and liver albumin ASR was not altered after infection. These results are not in agreement with those obtained by Schreiber et al. (33) , who reported that incorporation of radioactive leucine into plasma albumin is reduced in turpentine-treated rats, suggesting that albumin synthesis is decreased during inflammation. Similar results were obtained under infection in rats (28) or during heat exposure in rabbits (24) . Ballmer et al. (2) investigated albumin synthesis both as a fraction of total liver protein synthesis and as ASR 24 h after turpentine injection; albumin synthesis relative to total liver protein synthesis was decreased by 68%, and albumin ASR was decreased by 42%. However, in all these studies, the decrease in albumin synthesis in treated anorexic animals was observed by comparison with well-fed animals. Therefore, the decreased synthesis observed may result from the decreased food intake rather than from the inflammatory stress. By contrast and in agreement with our observation, Hiyama et al. (12) reported an unchanged albumin absolute synthesis in isolated liver of burn rats. Moreover, injection of endotoxin in rabbits stimulated by 15% the ASR of albumin in the plasma (15) .
By contrast to animal studies, results of human albumin kinetics under several injuries have become more available in the last few years. Kaysen et al. (14) reported a 20% decrease in albumin synthesis in hypoalbuminemic hemodialysis patients compared with hemodialysis patients with normal albumin levels. Moshage et al. (22) suggested that infected patients who have very low plasma levels presented higher values in albumin FSR. Both albumin FSR and ASR were increased in head trauma patients with a severely depressed plasma albumin level (19) . Therefore, it is increasingly accepted that low levels of plasma albumin can be obtained without decrease of albumin synthesis. Stress hormones could be implicated in maintaining albumin synthesis in injury. In particular, De Feo et al. (8) showed in humans that glucocorticoids stimulate synthesis of albumin. These hormones may exert their effects directly on the liver cells by affecting a number of subcellular processes involved in protein synthesis.
In conclusion, this work investigates simultaneously liver and intravascular albumin synthesis in vivo in a septic rat model. Our data clearly confirm a fall of albumin mRNA levels in response to infection parallel to a decrease in intrahepatic albumin synthesis expressed as a fraction of total liver protein synthesis; they give evidence that mRNA levels cannot be interpreted in terms of absolute protein synthesis. Moreover, the depressed plasma levels of albumin were not associated with a reduced hepatic albumin synthesis. This study also demonstrated that plasma albumin synthesis rate is a good indicator of net liver synthesis rate during an early phase of sepsis. Such results could have potential clinical implications, because the intravascular compartment, easily accessible, represents Ͻ35% of the total exchangeable albumin pool. Because we observed no decrease of plasma albumin synthesis rate during the acute phase, hypoalbuminemia could be due to an increase in either catabolism or escape of the protein from the plasma pool in the extravascular space. In this respect, the albumin TER was found to be increased by 300% in infected patients (10) . Further experiments are required to determine the major factor causing hypoalbuminemia in injury.
